This article takes advantage of the pilot Emissions Trading Scheme (ETS) project to estimate the causal impact of the ETS on CO 2 abatement in China. The CO 2 emissions and CO 2 intensities of each province are calculated by using the fossil fuel data of 30 provincial administration regions from 2006 to 2016. Then difference in difference (DiD) models and propensity score matching (PSM) with panel data are applied to estimate the causal impact of the pilot ETS project. Results show that the pilot regions reduce their CO 2 emissions and intensities more than the non-pilot regions under the pilot ETS project. The pilot ETS project significantly induced 12% decreases in the nominal CO 2 intensity and 7.6% decrease in the real CO 2 intensity, after controlling for regional heterogeneity, but its reduction effects on CO 2 emissions are insignificant. Decreasing the proportion of coal to total energy consumption may be the main channel of the pilot ETS project inducing CO 2 abatement. The estimated results for control variables indicate that upgrading industrial structures, attracting FDI, and purifying the export structure have significant effects on CO 2 abatement.
Introduction
China has become the world's largest CO 2 emitter and faces environmental problems due to its rapid GDP growth. To maintain sustainable development and control air pollution, China has carried out many measures to control the emissions of greenhouse gases and has announced mitigation commitments. On 29 October 2011, the pilot emissions trading scheme (ETS) project in China was announced and seven pilot regions were designated. The pilot ETS in China are also cap and trade systems. Unlike the European Union Emission Trading Scheme (EU ETS), China's ETSs implemented diversified policy designs instead of using a uniform framework to provide experience for a national scheme by the end of 2017. Current research is to evaluate the causal impact of the pilot ETS project on CO 2 abatement in China. The ETS policy is a relatively new instrument used in CO 2 /GHGs emissions control, especially in China; this empirical research would provide significant policy implications, such as providing data and theoretical support for climate policy design.
Being a market-based instrument for incentivizing abatement, ETS has been widely established. The theoretical and empirical results in the literature on its abatement effects are, however, still controversial [1, 2] . The effectiveness of the EU ETS, as the first and largest multinational ETS in the world, on reducing CO 2 emissions has been well documented. Although there have been lots of theoretical studies of China's ETS aspect [3] [4] [5] , we still know little about the causal impact of China's pilot ETS project on CO 2 abatement. Therefore, it deserves further empirical research. We take the
Literature Review
There is a growing body of literature investigating the effects of the EU ETS on CO 2 abatement. In general, its effects remain controversial. Petrick and Wagner [6] find that the EU ETS project reduced 20% of CO 2 emissions in the German manufacturing industry. Martin [7] conclude that the EU's CO 2 emissions decreased by about 3% in the EU ETS's first phase and by about 10-26% in the second phase. Some scholars, however, believe that the EU ETS's implementation cannot effectively and efficiently reduce CO 2 emissions. Jaraite [8] claim that the EU ETS did not promote CO 2 emissions reduction, whereas it slightly reduced CO 2 intensity. Mezosi [9] demonstrate that the present low carbon price under the EU ETS makes carbon-intensive electricity systems run on higher utilization rates and consequently increases CO 2 emissions. Laing [10] point out that the effects of EU ETS on low-carbon technology innovation and investment remain uncertain. Lofgren [11] apply the DiD approach and reveal that the EU ETS does not have a significant effect on firms' investment decisions in carbon-reducing technologies.
The literature on China's ETS effects mainly considers theoretical aspects. A straightforward worry concerns whether China's highly regulated and centralized energy sector undermines the ETS's effectiveness and cost efficiency [12] . Zhao [13] describe the seven pilots' carbon prices, trading volumes, market liquidity, and information transparency to demonstrate China's carbon markets' inefficiency. Lo [14] argues that China's incomplete regulatory infrastructure and excessive government intervention will limit the ETSs' development and liability. Some scholars are more optimistic. Zhou [15] estimated that inter-provincial emissions trading can reduce abatement costs in China by more than 40%. Cui et al. [16] estimated that the pilot ETS in China can save 4.42% of abatement costs and a nationwide ETS can save 23.44% of abatement costs. Wang [17] investigated four energy-intensive industries in Guangdong and demonstrated that an ETS can significantly reduce their abatement costs. Wang [18] predicted that the ETS in China possesses substantial potential cost savings and emissions abatement effects. Huang [19] illustrated that the ETS in Shenzhen can increase abatement technology investment under a high carbon price scenario. Liu [20] pointed out that the Hubei Pilot ETS decreased Hubei province's CO 2 emissions by about 6.98% in 2014 through a simulation. These recent studies replicate or predict the pilot ETSs' potential impacts, rather than estimating the causal effects on China's CO 2 emissions and intensities. This empirical research aims to fill this gap by evaluating the mitigation effects of the pilot ETS project in China on treated regions relative to non-treated regions, with panel data models.
CO 2 Emissions and Intensities in China
In this section, we calculate the energy-related CO 2 emissions and intensities in each provincial administrative region in mainland China except Tibet, because of lacking data on Tibet. We named the treated provincial administrative regions in the pilot ETS project "pilot regions". The seven pilots include four municipalities (Beijing, Chongqing, Shanghai, and Tianjin), two provinces (Guangdong and Hubei) and the special economic zone of Shenzhen. Because Shenzhen is not a provincial administrative region, we take the ETS pilots except Shenzhen as the pilot regions. The other provincial administrative regions that are not included concurrently in the pilot ETS project are taken as the non-pilot regions.
Method for Calculating CO 2 Emissions and Intensities
According to the method given in the Inter-Governmental Panel on Climate Change [21] , the energy-related CO 2 emissions (CE) of each region are calculated based on energy consumption, average calorific value, and carbon emission factors, that is,
where the subscript n represents the provincial administrative regions, the subscript i represents the various fossil fuels, and t is the time in years. CE t ni denotes CO 2 emissions (in 10 6 tons) of the nth region based on fuel type i in year t. EC t ni is the total energy consumption of the nth region based on fuel type i in year t. The item 293 ES i denotes the average calorific value of the ith fuel. The constant 293 is the average calorific value of the coal equivalent. ES i is the conversion factor of the ith fuel, converting to the coal equivalent. The item EF i represents the CO 2 emissions factor of the ith fuel specified by the IPCC. The annual data of EC t ni and ES i are from the China Energy Statistical Yearbook. The total CO 2 emissions of all regions at time t therefore ares CE t = ∑ CE t n . The CO 2 emissions per output measures CO 2 intensities as follows:
where NCI t n and RCI t n denotes nominal and real CO 2 intensity of the nth region in year t respectively, NGDP t n denotes nominal GDP of the nth region in year t, and annual GDP t n are from the China Statistical Yearbook, RGDP t n denotes real GDP of the nth region in year t at a constant price in 1978.
Trends and Comparisons of China's CO 2 Emissions and Intensities
Based on the above equations, the average CO 2 emissions and intensities in China during 2006-2016 are shown in Figures 1 and 2 . CE represents the average CO 2 emissions. NCI and RCI represent the average of nominal and real CO 2 intensity respectively. The subscripts pr and npr stand for the pilot regions and the non-pilot regions, respectively. China's pilot ETS started operation in 2013.
According to Figure 1 , the average CO 2 emissions of the pilot regions are much lower than those of the non-pilot regions during 2006-2016. Relative to the non-pilot regions, the pilot regions have reduced their CO 2 emissions substantially during the pilot ETS project. The average CO 2 emissions of the pilot regions dropped from its peak 269.91 million tons in 2011 to 247 million tons in 2016. The same indicator of the non-pilot regions is still increasing, but the rate of increase is reduced and there was a slight decrease in 2015. CO2 intensity is the major concern of China's mitigation targets in international climate agreements. At the climate summit in Copenhagen, China announced that it would reduce CO2 emissions of per unit GDP by 40-45% by 2020 compared with the level in 2005, and at the climate summit in Paris, China committed to reducing CO2 emissions of per unit GDP by 60-65% by 2030 compared with the level in 2005. The average trend in CO2 intensity is therefore much more meaningful than the CO2 emissions in China's climate policy framework. In contrast to the upward trend of the CO2 emissions, the average CO2 intensities show a declining tendency.
As shown in Figure 2 , The CO2 intensity average of the pilot regions is much lower than that of the non-pilot regions, especially after 2013, no matter calculated by nominal GDP or real GDP. The average nominal CO2 intensity of the pilot regions decrease by annual 6% from 0.209 to 0.076 t CO2 per 1000 yuan, during the sample period. In contrast, the non-pilot regions reduce their nominal CO2 intensity on average by annual 4.6% from 0.37 to 0.183 t CO2 per 1000 yuan. The average real CO2 intensity of the pilot regions decrease by annual 5% from 0.739 to 0.333 t CO2 per 1000 yuan during the sample period. In contrast, the non-pilot regions reduce their real CO2 intensity on average by 3.5% from 1.475 to 0.903 t CO2 per 1000 yuan.
After the pilot ETS project, the decreasing rates of the nominal and real CO2 intensity of the pilot regions are faster than before and also faster than those of the non-pilot regions. The annual decreasing rate of the average nominal CO2 intensity of the pilot regions is 6% before 2013, and 9.5% after the pilot ETS project. While, the indicator of the non-pilot regions is 5.4% before 2013, and 3.7% during the ETS period. From the aspect of real CO2 intensity, the annual decreasing rate of the pilot regions is 4.1% before 2013, and 6.4% during the ETS period. The indicator of the non-pilot regions is 2.5% before 2013 and 4.9% during the ETS period. As such, the pilot regions decrease their nominal and real CO2 intensities faster than the non-pilot regions during the ETS period. CO 2 intensity is the major concern of China's mitigation targets in international climate agreements. At the climate summit in Copenhagen, China announced that it would reduce CO 2 emissions of per unit GDP by 40-45% by 2020 compared with the level in 2005, and at the climate summit in Paris, China committed to reducing CO 2 emissions of per unit GDP by 60-65% by 2030 compared with the level in 2005. The average trend in CO 2 intensity is therefore much more meaningful than the CO 2 emissions in China's climate policy framework. In contrast to the upward trend of the CO 2 emissions, the average CO 2 intensities show a declining tendency.
As shown in Figure 2 , The CO 2 intensity average of the pilot regions is much lower than that of the non-pilot regions, especially after 2013, no matter calculated by nominal GDP or real GDP. The average nominal CO 2 intensity of the pilot regions decrease by annual 6% from 0.209 to 0.076 t CO 2 per 1000 yuan, during the sample period. In contrast, the non-pilot regions reduce their nominal CO 2 intensity on average by annual 4.6% from 0.37 to 0.183 t CO 2 per 1000 yuan. The average real CO 2 intensity of the pilot regions decrease by annual 5% from 0.739 to 0.333 t CO 2 per 1000 yuan during the sample period. In contrast, the non-pilot regions reduce their real CO 2 intensity on average by 3.5% from 1.475 to 0.903 t CO 2 per 1000 yuan.
After the pilot ETS project, the decreasing rates of the nominal and real CO 2 intensity of the pilot regions are faster than before and also faster than those of the non-pilot regions. The annual decreasing rate of the average nominal CO 2 intensity of the pilot regions is 6% before 2013, and 9.5% after the pilot ETS project. While, the indicator of the non-pilot regions is 5.4% before 2013, and 3.7% during the ETS period. From the aspect of real CO 2 intensity, the annual decreasing rate of the pilot regions is 4.1% before 2013, and 6.4% during the ETS period. The indicator of the non-pilot regions is 2.5% before 2013 and 4.9% during the ETS period. As such, the pilot regions decrease their nominal and real CO 2 intensities faster than the non-pilot regions during the ETS period. NCI is the national average of nominal CO2 intensity. NCI-pr is the average nominal CO2intensity of the pilot regions. NCI-npr denotes the average nominal CO2 intensity of the non-pilot regions. RCI is the national average of real CO2 intensity. RCI-pr is the average real CO2 intensity of the pilot regions. RCI-npr denotes the average real CO2 intensity of the non-pilot regions.
In short, the pilot regions have on average lower CO2 emissions and intensities than the non-pilot regions and the pilot regions reduced their CO2 emissions and intensities substantially faster than the non-pilot regions after the pilot ETS project. However, such preliminary observation is insufficient in owing the emissions reduction to the pilot ETS project. An ETS scheme is effective only if it leads to emissions that are lower than would have been the case without the policy. Therefore, an econometric analysis is used to estimate the differential effect of the pilot ETS on CO2 emissions and intensities versus the case without the pilot ETS project.
Empirical Analysis and Discussion

The Estimation Model
The difference in difference approach (DiD) is a research design for estimating the effects of policy interventions that do not affect everybody at the same time and in the same way, by studying the differential effect of a policy on a treated group versus a non-treated group [22] . Since only a subset of facilities, firms, and regions is selected for the ETS participation, empirical evaluations of the ETS have generally used DiD models to estimate the causal effects of the ETS on treated (i.e., regulated) firms or sectors. The bulk of the relevant literature utilizes the basic DiD model to evaluate the impact of the EU ETS [23] . We use the basic DiD model with control variables and the PSM-DiD model to avoid selection bias in our estimation process.
China announced its pilot ETS project at the end of 2011, but the pilot carbon markets operated in 2013. Therefore, we estimate the causal effects of the pilot ETS project in China by taking 2013 as the tipping point.
Since the pilot regions are very special in terms of their economic development and CO2 emissions and intensities, the selection does not seem random. To avoid selection bias in the estimation process, three approaches are applied. First, we control for region heterogeneity, by taking economic growth, industrial structure, economic openness, etc. as control variables. Following the DiD specification used by Chan [24] , we estimate the causal effects of ETS on emissions abatement based on the following formula: NCI is the national average of nominal CO 2 intensity. NCI-pr is the average nominal CO 2 intensity of the pilot regions. NCI-npr denotes the average nominal CO2 intensity of the non-pilot regions. RCI is the national average of real CO 2 intensity. RCI-pr is the average real CO 2 intensity of the pilot regions. RCI-npr denotes the average real CO 2 intensity of the non-pilot regions.
In short, the pilot regions have on average lower CO 2 emissions and intensities than the non-pilot regions and the pilot regions reduced their CO 2 emissions and intensities substantially faster than the non-pilot regions after the pilot ETS project. However, such preliminary observation is insufficient in owing the emissions reduction to the pilot ETS project. An ETS scheme is effective only if it leads to emissions that are lower than would have been the case without the policy. Therefore, an econometric analysis is used to estimate the differential effect of the pilot ETS on CO 2 emissions and intensities versus the case without the pilot ETS project.
Empirical Analysis and Discussion
The Estimation Model
Since the pilot regions are very special in terms of their economic development and CO 2 emissions and intensities, the selection does not seem random. To avoid selection bias in the estimation process, three approaches are applied. First, we control for region heterogeneity, by taking economic growth, industrial structure, economic openness, etc. as control variables. Following the DiD specification used by Chan [24] , we estimate the causal effects of ETS on emissions abatement based on the following formula: (4) where y nt denotes the CO 2 emissions and intensities for a given province n in year t, as described above. China sets its mitigation target by the CO 2 emissions intensity, which is the emissions per output. Per output can be measured both in nominal GDP and real GDP. Therefore, the dependent variable setting is classified as absolute CO 2 emission, nominal CO 2 emissions intensity and real CO 2 emissions intensity. We specify our model in logarithmic form to interpret the estimates in terms of relative changes. ETS st is a dummy variable that equals 1 in the years after ETS is launched in province n, and 0 otherwise. Our interest lies in the coefficient β 1 that measures the average treatment effect. We expect a significantly negative estimate of β 1 , which suggests that ETS exerts a positive effect on CO 2 abatement. The vector ∑ X nt is a set of time-varying province-level control variables, described in Section 4.2. ϕ t and ν n are the vectors of year and province dummy variables that account for year and region fixed effects. The year specific dummy variables control for time trends, such as macroeconomic conditions, technical innovation and national changes in energy development strategy, that shape CO 2 emissions over time. Province-specific dummy variables control for time-invariant and unobserved regional characteristics of the pilots relative to the non-pilots. ε nt is the idiosyncratic error term.
Then, to avoid self-selection bias, we follow Fowlie [25] in implementing propensity score matching (PSM) to control the difference in ex ante and other important characteristics. PSM would balance the covariates difference between the pilot and non-pilot groups and also provide a similar randomized processing method [26] . The set of control variables, ∑ X nt , is incorporated into the logistic regression model for PSM.
Finally, to demonstrate the robustness of the results, we take the pilot and non-pilot regions as subsamples and compare their differences during the ETS period.
Control Variables and Data
Regional divergences in economic development and industrial structure have substantial influences on geographical CO 2 emissions. For instance, an inland, less developed region with an economic structure dominated by heavy industry generally consumes more fossil fuels and emits more CO 2 than a high-income coastal region whose economy is services-dominated. To estimate the causal impact of the pilot ETS project on the pilot regions relative to non-pilot regions, confounded variables should be controlled. The control variables are GDP per capita (GDPP nt ), industrial structure (IS nt , ISS nt ), energy intensity (EI nt ), the level of export (EX nt ) and foreign direct investment (FDI nt ) of a given region n in year t. All control variables are in logarithmic form. Table 1 shows the detailed calculation method of control variables.
The incentive to include GDP per capita is that macroeconomic fluctuations such as the financial crisis affect emissions drastically. Bel [27] demonstrated that the carbon emissions reduction in the EU is due to the economic crisis. Burnett [28] found that personal income drives emission intensities, not absolute emissions in the USA. Previous studies illustrate the experience of developed countries. Whether China follows these rules will be tested in this empirical model. China has published a series of National Working Plans on Controlling Greenhouse Gases since 2006. Sarkodie [29] used nominal GDP per capita (GDP per capita in current US$) to represent economic growth and found an inversed-U shape relationship between CO2 emissions and economic growth in China. Pala et al. [30] took real GDP per capita (GDP per capita constant at 2005 US$) to represent economic activity and found an N-shaped relationship between CO2 emissions and real per capita GDP in China. In this empirical estimations, both nominal GDP per capita and real GDP per capita were used to control economic growth for robustness. We expect negative coefficients for GDP per capita, which stands for the decoupling of emissions from economic development. Industrial structure, energy intensity, exports, and foreign direct investment are taken as control variables following previous theoretical work. The empirical results of Yang [31] indicate that industrial structure is the most significant driving force for CO 2 emissions and energy intensity and has a positive effect on lowering carbon intensity both nationally and regionally in China. The more we use fossil fuels, the larger CO 2 emissions and intensity are. A higher value of energy intensity indicates low energy consumption per GDP, hence a high EI is expected to lower emissions. We therefore expect that the coefficients for energy intensity are positive. Industrial structure I, which is measured by the ratio of the added value of the tertiary industry over nominal GDP, has been increasing in China. It was greater than 50% in 2015. The tertiary industry is less energy-intensive than heavy industry. We therefore expect the coefficients for the industrial structure I to be negative. Industrial structure II is measured by the proportion of the added value of the secondary industry in nominal GDP. The secondary industry is more energy-intensive than the agriculture and tertiary industry. We therefore expect the coefficients for the industrial structure II to be positive. Export and foreign direct investment volume over nominal GDP stand for the level of economic openness. In prior empirical evidence, the effect of FDI on the environment of host developing countries is inconclusive. Hanif [32] found that FDI has triggered carbon emissions and proved the Pollution Haven hypothesis. Abundant evidence shows that FDI induces a decrease in carbon emissions and proves the Pollution Halo effect [33] . In our model, we find the coefficients for foreign direct investment levels to be negative, which means the higher the foreign direct investment level, the more technology and expertise transfer there is, which has a close connection with an economy's carbon emissions, energy consumption, and foreign trade [34] . Liddle [35] calculated trade openness as imports minus exports and found that trade was significant for consumption-based emissions. Our research studies China's domestic mitigation policies, which affect territory-based emissions. China is an export-oriented economy and exports have a direct connection with an economy's territory-based emissions. Therefore, we take the ratio of exports to GDP as a sign of trade openness. The influence of exports on emissions depends on the export structure. Exportation of energy-intensive products increases energy consumption [36] . A high proportion of processing exports decreases energy intensity [37] . The growth of exports has mixed effects on energy consumption and CO 2 emissions.
The data used for the analysis come from the China Statistical Yearbook and the China Energy Statistical Yearbook. The dataset forms an annually balanced panel of 30 provincial administrative regions from 2006 to 2016. All control variables and dependent variables are stationary, which is examined by the Levin, Lin and Chu (LLC), and Phillips-Perron Fisher tests. The gross export volume is measured according to the domestic destination and the source of goods, and its unit is the dollar. Therefore, the unit of gross export is converted into RMB based on the exchange rate of each year. Table 2 presents the estimated causal effects of the pilot ETS project on CO 2 emissions and intensities. Columns 1 and 2 report the models with lnCE as dependent variable. Column 1 takes the nominal GDP per capita to stand for economic development level, while Column 2 takes the real GDP per capita. In these two regressions, the ETS dummy enters negatively but insignificantly. This suggests ETS has no significant effects on reducing the growth of CO 2 emissions. Columns 3 and 4 report the models with lnNCI as the dependent variable. Column 3 simplifies the conditions without taking control variables. Column 4 includes control variables and uses the nominal GDP per capita to stand for economic development. Columns 5 and 6 report the models with lnRCI as dependent variable. Column 5 excludes control variables. Column 6 takes the real GDP per capita to control the impact of economic developments on real carbon emissions intensity. In these four regressions, the ETS dummy enters negatively and significantly. The results in Column 3 and 5 suggest that ETS induces a 19% decrease in the nominal and real carbon intensities at the 1% significant level. After taking control variables into account, as shown in Column 4 and 6, the estimated treatment effects of ETS are smaller: about 12% decrease in the nominal carbon intensity and 7.6% decrease in the real carbon intensity. Therefore, ETS substantially decreases carbon intensity, no matter measured by nominal or real GDP. The treatment effects of ETS on carbon intensity are still negative and significant even after controlling region heterogeneity. To investigate the robustness of our findings, we replicated the estimation in Table 2 by substituting the proportion of added value of the secondary industry in GDP (denoted by ISS) for the proportion of added value of the tertiary industry in GDP (denoted by IS) as the symbol of industrial structure upgrading. Table 3 shows the results. The estimated treatment effects of ETS and the corresponding t-values are similar to those reported in Table 2 . We also find that the pilot ETS project has significantly induced the decrease of nominal and real CO 2 intensities, but its negative effects on CO 2 emissions are not significant.
Estimation Results of ETS on Emissions Abatement
The estimated results for control variables remain unchanged, as shown in Table 2 ; Table 3 . This suggests that the influence of the control variables on CO 2 emissions and intensities are robust. As expected, the proportion of tertiary industry in GDP (lnIS) has significantly negative effects, while the effects of the proportion of secondary industry in GDP (lnISS) are significantly positive. Export level (lnEX) has significantly positive influences. The level of foreign direct investment (lnFDI) has significantly negative effects. As for nominal economic growth per capita (lnNGDPP), the results suggest that it reduces the growth of nominal CO 2 intensity significantly, but has an insignificantly positive effect on the growth of CO 2 emissions. The real economic growth per capita (lnRGDPP) has negative effects on CO 2 emissions and real CO 2 intensity; however, these are statistically insignificant. Energy intensity (lnEI) has positive impacts on nominal and real CO 2 intensities, at the 1% significance level. However, if we examine its effects on CO 2 emissions this picture changes. We do not find a statistically significant relationship between energy intensity and CO 2 emissions. Energy intensity is the reciprocal value of energy efficiency. Thus, the results suggest that the improvement of energy efficiency has significantly decreased the nominal and real CO 2 intensities. However, it has an insignificant effect on CO 2 emissions. We also perform a robustness test by using semi-parametric DiD model. We apply matching methods with bootstrap procedures to identify a comparable non-treated group of provinces. Then we use the DiD model in order to estimate the effects of the pilot ETS project with control variables. The estimation results of PSM-DiD is shown in Table 4 . The coefficients for ETS are also significantly negative in the regressions of lnNCI and lnRCI, while in the regressions of lnCE are insignificant. We find consistent results for all estimations. Notes: t statistics are shown in the respective parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. In Column 1, the covariates incorporated in the logistic regression model for PSM are lnNGDPP, lnIS, lnEI, lnEX, lnFDI. In Column 2, we substitute lnRGDPP for lnNGDP. In the regression of lnNCI, the covariates incorporated in the logistic regression model for PSM are lnNGDPP, lnIS, lnEI, lnEX, lnFDI. In the regression of lnRCI, lnNGDPP are replaced by lnNGDP.
To ensure the estimators of the average treatment effect are unbiased, we do subsample research. In the analysis of the pilot subsample and non-pilot subsample, the results in Table 5 show that the trends of time are all negative across the pilot regions and non-pilot regions. This suggests that the time trend of CO 2 emissions and intensities are the same for the pilots and non-pilots after the pilot ETS program started. In the pilot subsample, the time dummy has significantly negative effects on the nominal and real CO 2 intensity, but they are insignificant in the non-pilot subsample. The results are in line with the analysis in Section 3. Hence, all these examinations show that the pilot ETS project has positive effects on CO 2 abatement. ETS is significant to nominal and real CO 2 intensities, but insignificant to CO 2 emissions. The result is robust. 
Notes: t-statistics are shown in the respective parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01. The columns with odd numbers show the regression results of pilot subsample. The columns with even numbers show the regression results of non-pilot subsample.
Estimation Results of ETS on Energy Consumption Structure
We apply the DiD models to estimate the causal effects of the pilot ETS project on improving energy consumption structure, to figure out the mechanism of the ETS reducing emissions. Energy consumption structure has a direct influence on CO 2 abatement. Among fossil fuels, natural gas has the lowest carbon emissions coefficient and coal has the highest. China is rich in coal but poor in oil and natural gas. Thus, the main way the pilot ETS project attempts to induce emissions abatement is by replacing coal with other relatively low-carbon fossil fuels. We take the proportions of coal, petroleum, and natural gas to total energy consumption as dependent variables. COA is the share of coal consumption. PET is the share of petroleum consumption. NAG is the share of natural gas consumption. Table 6 presents the estimated causal effects of the pilot ETS project on energy consumption structure, using DiD models. The results in Column 1 suggest that ETS induces a 28% decrease in the proportion of coal to total energy consumption at the 5% significance level. The estimated treatment effects of ETS on the proportion of petroleum and natural gas to total energy consumption are negative but insignificant. The estimation results of PSM-DiD, shown in Table 7 , suggest that the results are robust. The pilot ETS project has significantly improved the energy consumption structure. Decreasing the proportion of coal to total energy consumption may be the main way the pilot ETS projects induces emission abatement. 
Conclusions and Future Research
We employ the DiD approach to investigate the abatement effects of the pilot ETS project in China. Using the fossil fuel data of 30 provincial administration regions from 2006 to 2016, we estimate the fossil CO 2 emissions and intensities of each province. The results show that the average CO 2 emissions and intensities in the pilot regions are lower than those in the non-pilot regions and the pilot regions substantially abate their CO 2 emissions and intensities on a larger scale than the non-pilot regions under the pilot ETS project.
Nevertheless, the abatement effects of the pilot ETS project on the fossil CO 2 emissions and CO 2 intensities are asymmetrical; the reduction effects on the latter are significant, whereas for the former they are not. We find strong empirical evidence suggesting that the pilot ETS project has a significant causal impact on reducing nominal and real CO 2 intensity. The pilot ETS project induces around a 12% decrease in nominal CO 2 intensity and a 7% decrease in real CO 2 intensity, but its negative effect on CO 2 emissions is insignificant. The pilot ETS project has significant effects on decreasing the proportion of coal to total energy consumption, which may be the main way the pilot ETS project induces CO 2 abatement. We will further explore the mechanism of ETS influencing abatement at a firm level, especially the mechanism of ETS limiting the total quantity of CO 2 emissions. The diversified policy design of the pilot ETS in China and its impact on the effectiveness of ETS will also be addressed in future research.
In addition, the estimated results for control variables show that the proportion of tertiary industry in GDP (lnIS) and the level of foreign direct investment (lnFDI) have significantly negative effects on CO 2 emissions and intensities, while the effects of the proportion of secondary industry in GDP (lnISS) and the export level (lnEX) are significantly positive. Therefore, upgrading the industrial structure, attracting FDI, and purifying the export structure in terms of environmental degradation have significant effects on abatement. The design of the national ETS should be in line with industrial and opening-up policies. The interaction of these policies on emission abatement should be addressed in future research.
